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The terms in the square brackets represent dissipation of kinetic energy. The first term corresponds to loss of kinetic energy associated with the cross flow velocity. The second corresponds to the loss in kinetic energy from equilibrating leakage and mainstream flow speeds in the main flow direction. The integral represents irreversibility resulting from the static temperature difference between the two streams. This term is small in the present situation (less than 5% of the total loss) because the leakage and the main stream flows start at the same stagnation temperature.
The interest here is in the effect of pressure level on tip leakage mixing loss. As an initial step we compare the control volume description with numerical simulations of flow injection into rectangular nozzles and diffusers with area ratios (from inlet of the nozzle or diffuser to outlet) ranging from 0.5 to 1.7. Slip wall boundary conditions are used so there are no viscous stresses at the walls. The comparison made is between a control volume estimation of mixing loss and the difference between the inlet entropy flux and the mixed out entropy flux at the conditions at the domain outlet. This mixed out state is determined via constant area control volume analysis applied at the domain outlet.
The control volume estimate for losses was obtained applying Equation 1 over the injection slot exit and mixing the leakage flow from an elementary area at a given axial location to the midspan velocity at that axial location. Figure 3 shows the computational domain for a nozzle with exit-to-inlet area ratio (AR) 0.8 and constant duct height H. The duct width, W , is equal to the height at the inlet (x/H = 0) and decreases (or increases) to the outlet width between x/H = 1 and 2. Flow is injected from the indicated thin rectangular slot, where the dimensions are 0.02H by H, to approximate a tip leakage flow. Figure 4a shows the mixed out loss as a function of AR for a basically incompressible flow (inlet-stagnation-pressure-to-outletstatic-pressure ratio of 1.05). The injection is normal to the free stream. The loss is non-dimensionalized by product of the injected mass flow and the square of the duct exit velocity, to give a metric for the loss per unit injected flow.
For a constant area duct (AR=1), the control volume and the numerical simulation agree (as would be expected) to within 2%; this is basically a check on the accuracy of the simulation. For AR < 1, the mixing losses are underestimated by the control volume analysis compared to the numerical simulation, whereas for 1 < AR < 1.5, the mixing losses are overestimated by the control volume analysis. Figure 4a shows that at AR = 1.3, however, the computed rate of change of loss for the simulation becomes larger than for the control volume and for AR > 1.5 the control volume analysis again underestimates the loss.
The reason for the difference in calculated loss is that the control volume approach does not appropriately account for the change in pressure experienced by the injected flow prior to complete mixing. The control volume assumption is that the injected flow mixes out after entering the mainstream in what is, because of the large ratio of mainstream to leakage flow, essentially a constant pressure process. In reality the injected flow passes through a pressure change during mixing with the mainstream so that a portion of the mixing occurs at a pressure different from the clearance exit pressure. This is a situation often found in turbomachinery, and the effect of pressure level on wake mixing is well known, e.g. [6, 14] . What is different in the present situation is that, over the area ratios from less than one to 1.5 or so, the trend in mixing loss with area ratio is opposite to that for a wake in a pressure gradient. Specifically, the mixed out loss of a vortex can decrease as the vortex passes through a pressure rise and can increase as the vortex passes through a drop in pressure, in contrast to the behavior of a wake. We describe the physical mechanism for this in the next section.
Coming back to Figure 4a , what will also be shown subsequently is that the loss behavior for AR > 1.4, roughly, is dominated by vortex breakdown, defined here as a situation in which the flow in the vortex core reverses and the core exhibits a substantial change in size. As described in the literature, a vortex core swirl number near 1.4 (the exact value depends on velocity profile and geometry) marks the occurrence of this breakdown [14, 15] . This is seen in Figure 4b in which the vortex core swirl number is plotted as a function of duct area ratio. Figures 4a and 4b show that as the vortex is exposed to larger pressure rises the swirl number and the losses show a rapid increase.
COMPARISON OF THE EFFECT OF PRESSURE LEVEL ON WAKE AND VORTEX MIXING LOSSES
We can demonstrate the effect of pressure level on mixed out loss for a general flow non-uniformity in a wake and in a vortex. For the former a pressure rise increases the wake velocity defect as seen in Equation 2, the differential form of the one-dimensional momentum equation.
The fractional decrease in velocity due to the pressure rise is inversely proportional to the dynamic pressure, so the change in wake velocity for a given incremental pressure rise is greater than the free stream velocity, and the wake decelerates more than the freestream. The mixed-out loss scales as the velocity defect squared, as in Equation 1 . A vortex in an axial pressure gradient behaves differently from a wake, because of the radial pressure gradient that exists in a swirling flow. Equation 3 describes the difference between far field pressure, p ∞ , and core centerline pressure, p(x, 0), of a Rankine vortex 4 as a function of the non-dimensional circulation, Γ/4π 2 r 2 e . For a given increase in freestream pressure, i.e., given deceleration of the free stream, there is a larger increase in core centerline pressure than with no swirl because the core is slowed down and the core radius increases, as in Equation 4 . The vortex core thus sees a larger pressure change, and the core axial velocity thus decreases more, than the axial velocity of a wake at the same initial velocity and imposed far field pressure rise. This effect tends to increase the axial velocity defect, and thus the mixed out loss, compared to a wake.
There is, however, another effect of a pressure rise associated with the swirl velocity. Deceleration of the core means the axial vortex lines shrink in length, or, equivalently that there is an increase in core radius. Neglecting, for the moment, viscous effects, Kelvin's Theorem states that a ring of fluid particles around the vortex keeps its circulation but, because of the increase in radius, suffers a decrease in swirl velocity. Because there is a large region of flow with swirl, the mixed-out loss (defined as the loss in constant area mixing to a state of uniform axial flow) can depend more strongly on the dissipation of swirl kinetic energy than on the dissipation of kinetic energy associated with the velocity along the core axis. If so the mixed-out loss decreases as the pressure rises. Figure 5 shows the effect of a far field pressure rise on the core axis velocity defect (U s −u s )/(U s −u s ) inlet , swirl velocity u θ ,e /U s,inlet , and mixed-out loss ∆s exit mixed−out /∆s inlet mixed−out for a wake and a vortex. The wake and the vortex have the same initial value of core axis velocity ratio between core and free stream, V R = u s /U s = 0.6. The vortex has an initial core swirl number, S = Γ/2πr e u s , of 0.83, conditions representative of a turbine tip vortex. The vortex calculations are based on a one-dimensional model for vortex core flows [14, 15] , which has been shown to capture the features of interest here.
The wake velocity defect and the wake mixed-out loss both increase with pressure rise. For the vortex, as the pressure rises, the core velocity defect increases more sharply than for the wake, but the swirl velocity decreases. The dominant contribution to the change in mixed-out loss comes from the change in swirl velocity in the freestream, since the vortex core mass flow is much smaller than the free stream mass flow, and thus the mixed-out loss decreases. The curves corresponding to the vortex can only be continued until the value of C p corresponding to stagnation of the core flow, beyond which the control volume is inapplicable [15] .
To assess vortex core and mixed-out loss behavior for larger nondimensional pressure rises at which reversed flow can be found, computations of vortices in axisymmetric expansions have been performed using FLUENT. The inlet velocity is specified to be that of a Burger's vortex, which has similar qualitative features to the Rankine vortex but is defined by a smoothly varying velocity distribution 5 [15] . The initial core radius r e is 0.1 of the duct radius, so the initial ratio of vortex core area to free stream area is 1%. An outflow boundary condition is used at the duct exit. The outer boundary is a slipwall to minimize losses unrelated to vortex behavior. Turbulence is modeled using the RNG k-ε model [16] , and the vortex core Reynolds number, based on core radius and freestream velocity, is 8 × 10 4 , approximately the Reynolds number of the clearance vortex in the subsonic high pressure turbine described above. The choice of turbulence model is discussed in the appendix. Figure 6 shows the change in mixed-out loss between the duct inlet and exit plane. The results are normalized by the inlet mixed-out loss, as a function of the static pressure rise coefficient along the duct outer radius. Results are presented for vortices with initial velocity ratio 0.6 and swirl numbers 0.0 (a wake), 0.42, and 0.83. The wake mixed-out loss increases monotonically with pressure rise. The vortex mixed-out loss vortices decreases for 0 < C p = ∆p(r = R wall )/ 1 2 ρU 2 s < 0.3, because of vortex line contraction and decreased swirl velocity. 4 A Rankine vortex has a core of uniform vorticity (u θ = Ωr where Ω is independent of radius) surrounded by irrotational flow. The velocity in the core aligned with the core axis direction u s is uniform but may be different from the velocity along this direction in the surrounding irrotational flow, U s 5 A Burger vortex has swirl velocity u θ =
The velocity in the core axis direction is u s for r < r e and U s for r > r e . Figure 7a shows contours of swirl velocity (normalized by freestream inlet velocity) for C p = 0.05, 0.19, and 0.31 (conditions A, B, and C in figure 6 ). As the pressure rise increases, the swirl velocity ratio decreases from 0.32 to 0.27, with a consequent drop in mixed-out loss. From Figure 6 , however, the loss for the S = 0.83 vortex begins to increase at Cp = 0.3 and at Cp = 0.38, the exit mixed-out loss becomes larger than the inlet mixed-out loss.
The steep loss increase in Figure 6 is due to vortex breakdown and flow reversal. Figure 7b shows contours of core axis velocity ratio for S = 0.83 and outer wall pressure rises C p = 0.31, 0.37, and 0.42 (conditions C, D, and E in figure 6 ). For C p = 0.31, the reversed flow region occupies 0.07% of the duct area, but for C p = 0.42 the region of reversed flow has grown by an order of magnitude to occupy 0.8% of the duct area.
The calculations show smaller loss changes than given by the control volume analysis in Figure 5 because viscous effects mix the flow before and during the area expansion. The qualitative behaviors for the two descriptions, however, are in accord. Both show that a vortex which passes through a pressure rise less than that which causes vortex core stagnation experiences a decrease in mixed-out loss. As the pressure rise increases past a critical value, the vortex breaks down and the mixed-out loss increases because of increased flow reversal. This behavior is consistent with the changes in loss observed in the rectangular duct computations (Figures 4a and 4b) for AR > 1.5, which have swirl number above 1.4, the value indicative of vortex breakdown.
IMPLICATIONS FOR, AND COMPARISONS OF, MIXING LOSSES IN TURBINE AND COMPRESSOR TIP CLEARANCE FLOWS
Compressor tip clearance flows have initial swirl numbers less than 0.5 and the dynamical effects of swirl can thus often be neglected with the leakage flow approximated (with some success) as a wake in a pressure gradient [17] . We have shown above, however, that this approximation is not appropriate for turbine tip flows and that the swirl dynamics need to be accounted for. In this context, Figure  8 shows the behavior of the mixing loss for vortices of different swirl numbers and core velocity ratios. The figure gives contours of the ratio of incremental increase in normalized mixing loss (defined as mixed-out loss divided by inlet mixed-out loss) to incremental pressure rise 6 . The mass flow ratio, vortex core to free stream, is 1%, representative of tip leakage vortices. The vertical axis is the locus of wake initial states (swirl number equal to zero). Figure 8 shows the regions of the swirl number-velocity ratio plane in which, in accord with the examples in Figures 4, 5, and 6, the change in mixed-out loss with pressure rise can be greater or less than zero. The division between the two is given by the heavy line that starts at the upper left hand corner of the plot. The two competing effects implied by the figure can be referred to as wake-like and vortex-like behaviors. Below the heavy line, for a given swirl number, the loss derivative increases as the velocity ratio decreases and the flow becomes more "wake-like". This is the familiar behavior for a wake in a pressure gradient, with increased mixed-out loss if the pressure rises. For a given initial velocity ratio, however, the loss derivative decreases as the swirl number increases, and the flow becomes more vortex-like, with the mixed-out loss decreasing as the pressure rises.
EFFECT OF BLADE PRESSURE DISTRIBUTION ON LEAKAGE LOSS
The above ideas about mixing losses in vortex core flows provide a framework to describe the effects of blade pressure distribution on tip clearance losses. For the subsonic HP turbine flowfield portrayed in Figure 2 , the vortex undergoes a pressure rise large enough to cause vortex breakdown and flow reversal in the core. Further, the axisymmetric vortex calculations indicate that in the vortex breakdown regime, losses rise rapidly with pressure level. If so, there is a possibility for decreasing tip clearance loss by decreasing the pressure rise near the trailing edge, so the vortex is subjected to less deceleration. Implementing designs and diagnostic experiments that allow us to evaluate this hypothesis is the topic of the rest of the paper.
As an initial step in the assessment two blades were designed as modifications to the baseline blade. One incorporated a forward loaded tip section and the other an aft loaded tip section. Both blades performed the same overall work as the baseline to within 0.25%. With the forward loaded design the vortex had less deceleration and, with the aft loaded, more deceleration, compared to the baseline case of Figure 1 . In the remainder of this section, the forward loaded, and aft loaded designs will be referred to as the F and A blades, respectively. Figure 9a illustrates the A, B (baseline), and F tip section geometries. In shifting the loading from aft to forward, the blade camber was decreased and the suction surface flattened. The blade was re-stacked to include the new tip design, with the tip blended linearly into the 50% span airfoil shape. Meshes were generated with the same near-wall node spacing as the baseline, and simulations were carried out for clearances from 0-2% under the same conditions as the baseline mid-loaded tip (see table 1 ). Figure 9b gives the computed isentropic suction surface Mach number at 80% span, as a function of axial position for 0.5% clearance. This clearance was chosen the tip clearance vortex would have negligible impact on the loading at this spanwise location. The desired effect has been achieved in that between x/c of 0.75 and 1, the circled region in the figure, the negative slope of the suction surface isentropic Mach number is steeper for the A blade than for the F blade. Figure 10a shows the clearance loss versus nondimensional tip clearance for the three blades. The F blade was found to have 9% less clearance loss than the baseline design and 15% less loss than the A blade. Stated differently, as the loading goes from forward to aft, the tip clearance loss slope, i.e., the percent change in loss for a 1% change in tip clearance, increases by 15%. This occurs despite a decrease in leakage mass flow, as indicated in Figure 10b which gives the clearance mass flow ratio (clearance flow divided by passage flow) for A, B, and F blades as a function of clearance. The F blade has 14% larger clearance mass flow than the A blade, so there is a 30% difference in mixing loss per unit leakage flow between F and A blades.
The bar chart in Figure 11 summarizes the trends for the three blades. The figure presents the loss per unit of leakage massflow, normalized by the computed value for the baseline blade, at 2% clearance, as well as results from the control volume loss analysis (tip leakage flow mixed-out at local suction surface velocity as in Equation 1 ). The loss within the gap, per unit leakage mass flow, decreases as the loading goes from aft to forward, but it is a small part of the overall loss and does not account for the change in loss. The control volume approach captures the qualitative effect of pressure distribution, namely that forward loading decreases the clearance loss, however, it underpredicts the change by a factor of nearly four, implying that additional effects need to be included. Figure 12 shows features of the clearance vortex core evolution in more detail. Figure 12a gives the distribution of core centerline velocity, normalized by the average exit velocity as a function of axial position for the three blades. The aft loaded blade and the baseline both have negative velocities, whereas the forward loaded blade does not. The consequence of the different core deceleration is illustrated in Figure 12b , which gives the mixing loss (viscous dissipation outside of the boundary layers) per unit axial distance as a function of axial location for the A, B, and F blades. The A blade has 35% higher mixing loss per unit distance in the region x/c = 1 to 1.4, where there is breakdown of the tip clearance vortex and mixing out. Our inference from these results is that vortex breakdown is the major loss mechanism contributing to the difference in loss per unit leakage between the A and F blades.
Changes in the clearance vortex flow field between the differently loaded blades are portrayed in Figure 13 , which shows the ratio of core axis velocity to exit velocity for the A and F blades as the color contours. For the A blade, the core centerline velocity is negative, dropping to -0.13 (Figure 12a) , indicating reversed flow. For the F blade there is no flow reversal because the reduced pressure rise (Figure 9b ) produces less deceleration of the vortex core. Figure ? ? compares contours of volumetric entropy generation rate 7 in the F and A blade at the location of maximum entropy generation per unit axial distance, x/c =1.15. The maximum local dissipation at this plane is a factor of two larger for the A blade than for the F blade, confirming that the increase in viscous dissipation between A and F blades occurs in the vortex breakdown region.
ADDITIONAL NUMERICAL EXPERIMENTS WITH DIFFERENT BLADE DESIGNS
The previous section contains the crux of the arguments that link the blade pressure distributions to the magnitudes of the tip clearance losses. To assess the ideas further, however, we have performed additional diagnostic design experiments. First, to achieve a larger change in loading distribution the three different tips were extruded into 2D blades for a rectilinear cascade. These are denoted by A2, B2, and F2 in Figure 15 . Figure 15a shows the isentropic suction surface Mach number distributions with larger differences than in Figure 9 .
Results of this set of numerical experiments are given in terms of mixing loss per unit of leakage flow in Figure 15b . The losses are normalized with reference to the computed losses for the baseline two-dimensional blade, B2. The forward loaded cascade blade, F2, has only 50% of the mixing loss per unit leakage flow of the aft loaded blade, A2. The change in loss is associated with a larger difference in vortex behavior than in the previous section; the difference in minimum core velocity ratio between forward and aft loaded blades increases from 0.15 for the A and F blades (Figure 12a ) to 0.25 for the A2 and F2 blades. Finally, the estimated mixing loss given by the control volume analysis agrees qualitatively with the trends but is a factor of two low in terms of capturing the quantitative changes.
Second, changes in incidence angle were used to assess the effects of pressure distribution on vortex dynamics and clearance loss. The baseline cascade was examined at inlet angles of nominal and plus and minus 10 degrees. The positive incidence angles front load the blades. Figure 16a shows isentropic suction surface Mach number. The difference in pressure distribution is marked in the front third of the blade. The difference in pressure distribution near the rear of the blade is much less pronounced, but the pressure 7 The volumetric viscous entropy generation is given by ρ ds dt = Φ T , where Φ is the dissipation function [18] , and is non-dimensionalized as rise in the aft portion of the blade does decrease as the incidence increases. Figure 16b , which again shows computations and control volume analysis, gives the mixing loss per unit of mass flow, showing a 17% decrease between the low incidence (aft-loaded) and high incidence(forward-loaded) cases.
The third study, using solidity as a diagnostic, was carried out with the original three-dimensional baseline (B) blade. This was examined at solidities from 0.88 to 1.07, implemented by increasing the number of blades in the annulus. For given turbine work per unit mass flow, increasing the solidity decreases the blade loading. The tip clearance loss decreased by 15% over the range and the loss per unit leakage flow decreased by approximately 50%. Figure 17a connects the change in loss per unit leakage flow to tip vortex breakdown. The figure shows the isentropic suction side Mach number. The lower solidity produces a larger decrease in Mach number, in other words larger pressure rise, at the rear of the suction surface. The change in mixed-out loss is shown in Figure 17b ; the control volume analysis again is seen to underpredict the actual changes in loss.
The changes in vortex core behavior at the different solidities are given in Figures 18a and 18b . The former shows the ratio of vortex core centerline velocity to exit velocity. For lower solidity the core decelerates more, with reverse flow occurring in the low solidity (0.88) and baseline solidity (0.97), and no reverse flow in the highest solidity examined (1.07). Figure 18b shows the tip clearance mixing loss per unit axial distance, with the highest value for the low solidity turbine.
CONCLUSIONS
In this paper, we propose a physical mechanism that links the suction surface pressure distribution and the tip clearance loss of an unshrouded axial turbine blade. From numerical simulations, the dynamics of the tip clearance vortex has been found to play an important role in determining tip clearance loss. A new result is that for incremental pressure rises along the direction of the vortex axis, deceleration of the vortex core can increase or decrease the mixed-out loss of a vortex depending on the swirl number (u s /u e,θ ) and the core velocity ratio (u s /U s ). Leakage flow vortices with low values of both of these (roughly below 0.5 for both, denoting weak swirl and a substantial velocity defect compared to the free stream) will exhibit the familiar behavior of a wake in a pressure gradient, with increased mixing losses for an incremental pressure rise. Leakage flow vortices with high values of both of these (roughly above 0.5 for both, denoting strong swirl and a small velocity defect compared to the free stream) will exhibit the converse, vortex-like, behavior, with decreased mixing losses for an incremental pressure rise. In general, compressor tip flows tend to be the former type and turbine tip flows the latter.
For pressure rises large enough to stagnate the vortex core flow, mixed-out loss increases rapidly with pressure level. The calculations reported here demonstrate that the pressure rises at the rear section of subsonic high pressure turbines are sufficient to cause such stagnation (vortex breakdown). These results implied that changes in the suction surface pressure distribution, specifically a reduction in the adverse pressure gradient at the rear of the blade, could reduce, or eliminate, the vortex breakdown and thus reduce the tip clearance losses.
To assess this hypothesis, designs were (numerically) carried out in which a baseline blade tip section was changed to load the front of the blade and then to load the rear. The former reduced the clearance loss by 15% compared to the latter. Further diagnostic computations, which made use of the effects of (one by one) blade loading distribution, incidence, and solidity as instruments to change the level of pressure rise experienced by the clearance vortex are also shown to corroborate the basic idea expressed in the previous paragraph.
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APPENDIX -GRID CONVERGENCE AND CHOICE OF TURBULENCE MODEL
In this Appendix we address questions of possible effects of grid convergence, turbulence model, and inlet turbulence level on the computational results and thus on the conclusions. We show, from the results of additional simulations, that the central fluid dynamic and thermodynamic behavior developed in the paper are not sensitive to the grid or the turbulence model that was used. More precisely, although there are quantitative differences, these are small (approximately 10% for the detailed metrics and several percent for the overall features) and the qualitative differences with conventional wake behavior are unchanged.
The first question is the sensitivity of solution features to the grid. To assess this, computations were run for the baseline (B) blade using a grid with twice as many cells as the computations reported in the main part of the paper (6 million for the fine grid versus 2.8 million for the original grid). This was done for both the zero clearance and the 2% clearance, the primary tip gap described in the computations. In comparing the results, we choose as metrics quantities important to the concepts addressed in the paper. Three overall metrics are tip leakage, leakage loss, and adiabatic efficiency. The first of these, the leakage, changed by only 3% between the original grid and fine grid. The leakage loss, i.e., the difference in entropy generation between zero clearance and 2% clearance) also changed by 3%. This was in fact the largest difference in the entropy generation distribution with x/c, for which the original and fine grid results tracked within this value until the exit of the domain. The adiabatic efficiency changed by approximately 0.25%.
Metrics that assess local fluid dynamic quantities are a more severe test of the extent to which grid convergence has been achieved. Two such quantities are the difference between the maximum and minimum value of the nondimensional vortex core axis velocity, and the vortex swirl number at the onset of flow diffusion, u e,θ /u x , as indicated for example, in Figure 1 of the paper.
Vortex core axis velocity is critical in determining the mixing loss. The differences between the values of maximum and minimum vortex core axis velocity, with the original grid and with the fine grid, is 7%. The extent of the region of negative core axis velocity, which shows the capturing of reversed flow by the computations, was altered from 18% to 20% (in units of x/c), with the larger value corresponding to the fine grid, an 11% change. The vortex swirl number at the onset of diffusion was 1.16 with the original grid and 1.18 with the fine grid.
The changes in these various metrics are not large in a quantitative sense. Further, and more importantly for the findings and conclusions of the paper, there are no changes in the qualitative behavior of even the most sensitive of the metrics. These observations argue strongly that the grid used in the paper captures the quantities of interest in a representative and appropriate manner.
The second issue is turbulence modeling for vortex flows. As described in the literature (for example, [19] , [20] , [21] , [22] ) RANS calculations have been found to give useful representations of vortex flows, although they generally produce excessive diffusion of the vortex core. It is reported that Reynolds Stress Models (RSM) are the most accurate, followed by two equation methods (for example the RNG k-ε model and SST k-ω models), while the Spalart-Allmaras (S-A) model produces excess diffusion compared to the above [20] . For this reason, the RNG k-ε model was used for the calculation of vortices in axisymmetric ducts ( Figure 6 ). The S-A model was chosen for the turbine computations because of its robustness. To assess the effect of turbulence model, computations were carried out on the A and F blades using the SST k-ω model [23] . The calculations with the S-A model gave estimates of a 16% difference in leakage loss between A and F blades, those with the SST k-ω model predicted a 20% difference. Because the S-A model provides the larger diffusion, it can be taken as a bounding case; diffusion and mixing work to weaken the vortex, making it less susceptible to flow reversal upon encountering a pressure rise. One might thus expect that vortices predicted by more accurate turbulence models may behave in a more inviscid manner and react more strongly to the pressure changes. In sum, inaccuracies due to turbulence model are small and are likely to lead to slight underestimates of the importance of the phenomena described in the paper; the S-A model can thus be regarded as conservative in this respect.
A possible third issue is inlet turbulence level. Computations were run for the B blade with inlet turbulence levels 1% and 10%, with the result being only a 1.2% change in leakage loss. 
